The aim of this study is to set a baseline for the jet quenching measurements of the Quark Gluon Plasma (QGP) formed in the large system size Nucleus-Nucleus (A-A) at top central collisions, via studying simulated small system size, Nucleon-Nucleon (N-N) collisions. The proton-proton (p-p) collisions were simulated using PYTHIA, at center of mass energies √ s N N = 200 GeV and √ s N N = 13 T eV corresponding to the available energies at the current collider experiments; the Relativistic Heavy Ion Collider (RHIC), and the Large Hadron Collider (LHC). At both energies, the two-particle azimuthal correlation functions have been considered, and the yield associated with the high transverse momentum (p T ) particles were extracted at its near-side (∆φ ≈ 0) and away-side (∆φ ≈ π) at mid pseudo rapidity (|η| ≤ 2). The ratio between the near-side yields in the high multiplicity events to these of the low multiplicity events (I N HL ), as well as, the ratio of the away-side yields (I A HL ) were calculated at both energies as a function of the hadron fractional energy z T of the high-p T particle. At both energies, the values of I N HL and I A HL were less than unity, and of trivial dependence on z T . The values of I A HL are always less than these of I N HL at the same multiplicity and energy, and both quantities show a pattern of systematic decreases with the multiplicity. Such multiplicity dependence cannot be used neither to exclude the jet quenching nor to prove it in the high multiplicity events in p-p collisions, as the suppressions have been found at both sides, near and away of the high-p T particle.
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Introduction
Many interesting results from RHIC and LHC have not only indicated the QGP formation in the central A-A collisions (events with high multiplicity), but also reflected the intricacy and richness of the Quantum Chromodynamics (QCD). Among the high-p T observables, the suppression of the spectra of the strongly interacting particles (hadrons) in central A-A collisions compared to the p-p collisions and to the peripheral A-A collisions at LHC and RHIC suggests the strong interaction between the propagated partons and the formed QGP medium in central A-A collisions [1] [2] [3] [4] [5] . These results have been confirmed with the similar spectra of the electromagnetic interacting particles (direct photons) and the weakly interacting particles (Z 0 and W ± ) produced in central A-A collisions compared to those in p-p collisions [6] [7] [8] [9] . Furthermore, the two-particle azimuthal correlation measurements have shown the suppression of away-side yield per trigger particle in central A-A collisions compared to the peripheral A-A collisions and p-p collisions [1] . Combining these sets of results stipulates the formation of the QGP in the central A-A collisions, and the viability of the commonly used observables e.g.; the nuclear modifications factor, etc.. (R AA , R CP , I AA , I CP ). However, the absence of different levels of suppression for light vs. heavy quarks [10, 11] , and quark vs. gluon jets [12] , in contrast to the QCD predictions, has necessitated the need for more sensitive observables and differential studies in order to have better quantification for the formed medium properties, and accordingly better constraints for the medium parameters. Moreover, other interesting measurements that have shown similar phenomena in the high multiplicity events in proton-proton collisions as in central heavy ion collisions, e.g. long-range ridge-like structure [13, 14] , and strangeness enhancement [15] , have stimulated the search for the onset of such and similar phenomena in the high multiplicity condition regardless of the colliding systems size. In addition, although it is well known that PYTHIA doesn't include final state interactions, previous simulated data (PYTHIA) [13, 16] have shown qualitatively, but not quantitatively, similar patterns and structures for some of the observables, as in central heavy ion collisions. Such observations might indicate a non-trivial contributions for the commonly adopted observables from the underlying particle production mechanisms in QCD, and therefore the presented analysis. In this analysis, PYTHIA has been used to simulate the pp collisions, and the two-particle azimuthal correlations observable with its common metric quantity, the ratio between the yields as a function of colliding system size (i.e.; I AA as an indicator for the parton energy loss in the medium), has been used in order to check for the onset of jet quenching in different multiplicity classes in p-p collisions.
In this article the quality assurance of the generated data, the two-particle angular correlations function, two-particle azimuthal correlations function, and the yield extractions are detailed and discussed in section 2; followed by the conclusions in section 3.
Analysis and Results

Generated Data and Quality Assurance
The proton-proton collisions were simulated using PYTHIA 8 (version 8.185) [17], with its default parameters without being tuned to any of the studied collision energies, at two values of center of mass energies √ s NN = 200 GeV and √ s NN = 13 T eV corresponding to RHIC and LHC respectively. Around 30M events have been generated at each center of mass energy, where the events selected for this analysis have at least one high transverse momentum particle, with p T > 3.0 GeV /c (trigger) that is produced within the kinematic region of pseudo rapidity |η| < 2 and full azimuth |φ| < π. The kinematic cuts have been imposed in this analysis are to resemble the detectors coverages and capabilities at the experiments. Figure 1 shows the transverse momentum distributions of the trigger particles, and as expected the particle distribution is rapidly falling at RHIC than at LHC, and accordingly the distributions exhibit more kinematics reach at higher center of mass energy. The (dN/dp T ) distributions on p T have shown reasonable power-law fit, within feasible range, with 1/p 7 T at RHIC and with 1/p 5 T at LHC energy. Figure 2 represents the populations of the trigger particles in the pseudo rapidity and azimuthal directions. As shown the pattern of the distribution is approximately uniform within the covered kinematic regions. The uniform distributions of the trigger particles in the azimuth are the most relevant ones to this analysis, which assure that there is no bias in the azimuthal direction. The red line show the power law fit with 1/p 7 T at RHIC and with 1/p 5 T at LHC energy.
Two-particle Angular Correlations function
With respect to each trigger particle, with p T > 3GeV /c, |η| < 2 and |φ| < π, the relative azimuthal and pseudo rapidity positions of all of the other produced particles (associated), with transverse momentum less than the trigger particles transverse momentum (p assoc T < p trg T ) in the same event within |η| < 2, and |φ| < π, are measured. The difference in azimuthal angle and pseudo rapidity are shown in Fig. 3 as ∆φ vs. ∆η, where ∆φ = φ trg -φ assoc , and ∆η = η trg -η assoc . The two-dimensional correlations structure shown in Fig. 3 exhibits: 1) a narrow peak at (∆η, ∆φ) ≈ (0, 0) which can be understood as the contribution from higher p T clusters (e.g., hard processes T eV . like jets). As expected from the basic principles of QCD and its confinement features, that few of the produced particles are originated from the same parent parton, and are accordingly correlated (i.e., near-side yield); 2) a ridge at ∆φ ≈ π that spans a wide range in ∆η, which can be regarded as away-side jets due to the momentum conservation; and 3) an approximately Gaussian ridge at ∆η ≈ 0 which becomes broader as ∆φ increases, resulting from the decay of lower p T clusters. The obvious difference of the level of backgrounds, and the relative strength between the near-side and away-side yields at √ s NN = 200 GeV and √ s NN = 13 T eV are mainly due to the different center of mass energy and accordingly different probed regions for the parton distribution functions, and accordingly different fragmentation, at the same kinematics. Figures 4 and 5 , show the evolution of the two-dimensional correlations function on the multiplicity at √ s NN = 200 GeV and √ s NN = 13 T eV . As it is clearly shown, the relative strength of the away-side to the near-side is dramatically suppressed in the high multiplicity events (low multiplicity at both energies: 0 < mult. ≤ 20; high multiplicity: RHIC mult. ≥ 40, LHC mult. ≥ 120), at both energies. As it was suggested by Bjorken [18] that parton traversing bulk partonic matter undergoes significant energy loss, with observable consequences on the parton's subsequent fragmentation into hadrons, indeed the previously reported results [19, 20] have shown the away-side to be increasingly suppressed with centrality. In order to quantify such observations, the near and away-side yields have been calculated per each trigger particle for each z T bin (z T = p assoc T /p trig T ), for each multiplicity event class at both energies, as detailed at the next section. 
Two-particle Azimuthal Correlations
In order to search for the onset of the jet quenching, the two dimensional correlation functions were reduced to one-dimensional functions of ∆φ integrated over the entire range of |∆η| ≤ 2. The two-particle azimuthal correlation functions are normalized by the number of trigger particles on event-by-event basis for the low and high multiplicity events at both energies. Figures 6, and 7 show sample of the two-particle azimuthal correlation functions for similar z T values of the low and high multiplicity at both energies. The z T measures the relative energy in terms of the trigger particle, since this analysis does not reconstruct the full jet. One of the common features of all azimuthal correlation functions for each z T bin, for low and high multiplicity events at the different center-of-mass energies, is that the levels of uncorrelated background particles are strongly suppressed with increasing the z T values which indicates that the high-p T particles have resulted from the hard-scattering (jet-like events). It is obvious that the relative strength of the away-side to the near side, and the peak widths change with multiplicity as well as with z T . In order to quantify the multiplicity effects on the near and away sides, the yields at both sides have been extracted for each z T bin of 0.1 width at both energies as explained in the next section. 
Yield Extractions
The number of associated particles per trigger, i.e., the yield per trigger, D(z T ), where D(z T ) = 1
Ntrg dN d(∆φ) , is found by counting the entries underneath the peaks, without the fit, within certain |∆φ| window after subtracting the background as determined from the straight line of the fit at the near side and the away side for each z T bin, as shown in Fig. 6 and 7 . The integrating region for near side yield was |∆φ| < 0.63 and for the away side was |∆φ − π| < 0.63. For each z T bin, the normalized near side and away side yields were extracted at the RHIC and LHC corresponding energies for the low and high multiplicity classes, as shown in figures 8 and 9. RHIC data has been classified into three bins of multiplicity: 0 -20, 20 -40, and 40 -80, while LHC data provides enough statistics for five multiplicity bins: 0 -20, 20 -40, 40 -80, 80 -120, and greater than 120 particles. The near side yields at both energies for the low multiplicity events show an unexpected pattern at low z T , as a reflection for the cut-off momentum for the string fragmentation in PYTHIA calculations. As it is clearly shown at Figures 8 and 9 , all yields at near-and away-sides are dropping as a function of z T , which can be understood in the light of the steeply falling parton distribution functions. At both energies the way-side yield is greater than the near-side for the low multiplicity events, Fig. 8 , which can be attributed to the trigger bias. However such difference between the near-and away-sides is not significant, if any, for the high multiplicity events at both energies. Also, the near-side and away-side yields are very similar at different energies for the low multiplicity, but they show systematic differences for the high multiplicity events. In order to quantify the multiplicity effects, if any, the ratio between the near-side yields at high and low multiplicities (I N HL ), and away-side yields at high and low multiplicities (I A HL ), where:
have been calculated and plotted for both energies, as a function of z T , as shown in Figure 10 . The suppression of both yields show no strong dependence on z T , which agrees with the previously reported results [12] , and accordingly the suppression is independent of the initial parton energy within the covered kinematics range. As it is shown at figure 10 , indeed there is a multiplicity dependence for the ratios at both sides, near and away. The values of I N HL , and I A HL are always less than unity except for the near side at low z T , which is due to an artificial effect of the lower momentum cuts of PYTHIA for the string fragmentation. Both quantities are continuously decreasing with increasing the multiplicity at each center of mass energy, with more suppression at RHIC energy for the same multiplicity, which might be due to different probed region of the parton distribution functions. It is also noticeable that the multiplicity effect on the away side ratios is more than its effect on the near side ratios, which might be due to 1) the combinations of the trigger bias at the near side, 2) different types of partons at the away-side than at the near sides, as it is known that the quark fragmentation is harder than those of gluons.
Conclusions
The multiplicity has an obvious effect on the ratios of near-side and away-side yields, with more suppression at the away-side than these at the near-side. The suppression in the yields does not exhibit a parton energy dependence within the covered kinematics range. The near and away-side yields show stronger dependence on the center-of-mass energy for the high multiplicity events but not for the low multiplicity events. According to the presented analysis, the multiplicity dependence of the yield suppressions cannot be used neither to exclude the jet quenching nor to prove it in the high multiplicity events in p-p collisions, as the suppressions have been found at both sides, near and away of the high-p T particles, within the reported kinematics region. The fact that the near-side shows a suppression in the high multiplicity events in p-p collisions is not consistent with the surface bias emission as reported by various experiments, and accordingly such suppression at both sides shown in this analysis could be due to 1) the evolution of the parton distribution functions on the trigger particle momentum, 2) parton energy loss in the high multiplicity events, or 3) a combination of both effects 1) and 2). More future studies at higher transverse momenta could be used to either rule out or to confirm the multiplicities dependence for the jet quenching commonly adopted observables.
